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(54) Method of fabricating micro electro mechanical system structure which can be vacuum- 
packaged at wafer level 



(57) A method of fabricating a micro electrome- 
chanical system (MEMS) structure which can be vac- 
uum-packaged at the wafer level is provided. The 
method includes the steps of forming a multilayered 
stack including a signal line on a first wafer; bonding a 
second wafer to the multilayered stack; polishing the 
first wafer to a predetermined thickness; forming a 
MEMS structure in a vacuum area of the first wafer and 
a pad outside the vacuum area, the MEMS structure 
and the pad being connected to the signal line; forming 



a structure in a third wafer to have space corresponding 
to the vacuum area of the MEMS structure; and bonding 
the third wafer to the polished surface of the first wafer 
in a vacuum state. For protection of the structure and 
maintaining a vacuum level required for operation, the 
fabricated structure is vacuum-packaged at the wafer 
level, thereby improving the yield of fabrication. In addi- 
tion, since a special vacuum packaging process is not 
necessary, the fabrication can be simplified. 
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Descripti n 

[0001] The present invention relates to a method of 
fabricating a micro electro mechanical system (MEMS) 
structure which can b vacuum-packaged at the wafer 
level. 

[0002] In the case of surface micromachining most 
widely used in fabricating micro electromechanical sys- 
tem (MEMS) structures, polysilicon is used as the mate- 
rial for the structure. Here, residual stress existing in the 
polysilicon has a negative influence on a completed 
MEMS structure. Moreover, it is difficult to fabricate a 
structure having a thickness greater than 10 um with 
general polysilicon taking into consideration the fabrica- 
tion processes that are available. To solve this problem, 
a process of using silicon on insulator (SOI) or a result 
obtained by bonding single crystalline silicon to glass to 
a thickness of 40 u.m as a structure layer has been 
used. Although this process can realize a structure 
which is thick and does not have residual stress, it is dif- 
ficult to form more than one structure layer. Conse- 
quently, a complex structure cannot be formed through 
this process. In the case of bulk micromachining that 
forms a MEMS structure using single crystalline aniso- 
tropic etching, it is difficult to form a structure having a 
high aspect ratio due to the characteristic of anisotropic 
etching. 

[0003] In resonance type gyroscopes among 
MEMS structures, the Q-factor is vulnerable to the sur- 
rounding vacuum level during resonance. For this rea- 
son, fabricated MEMS structures should be packaged in 
a vacuum state through complex processes. Addition- 
ally, it is difficult to apply a general IC/ASIC packaging 
process to chips having a MEMS structure. Therefore, it 
is difficult to realize automization of the fabrication proc- 
ess. 

[0004] To solve the above problems, it is a first 
object of the present invention to provide a method of 
fabricating a micro electromechanical system (MEMS) 
structure, which can easily form a vacuum structure. 
[0005] It is a second object of the present invention 
to provide a method of fabricating a MEMS structure 
which can be vacuum-packaged at the wafer level. 
[0006] It is a third object of the present invention to 
provide a method of fabricating a MEMS structure which 
has a pad in itself so that it can be installed in a circuit 
board. 

[0007] Accordingly, to achieve the above objects of 
the invention, in one embodiment, there is provided a 
method of fabricating a MEMS structure which can be 
vacuum-packaged at the wafer level. The method 
includes a first step of forming a multilayered stack 
including a signal line on a first wafer; a second step of 
bonding a second wafer to the multilayered stack; a third 
step of polishing the first wafer to a predetermined thick- 
ness; a fourth step of forming a MEMS structure in a 
vacuum area of the first wafer and a pad outside the 
vacuum area, the MEMS structure and the pad being 



Y7 901 A2 2 

connected to the signal line; a fifth step of forming a 
structure in a third wafer to have space corresponding to 
the vacuum area of the MEMS structure; and a sixth 
step of bonding the third wafer to the polished surface of 
5 the first wafer in a vacuum state. 

[0008] The fourth step preferably includes a sub- 
step of forming a signal line layer for connecting the 
inner area to the pad while the MEMS structure is being 
stacked. 

10 [0009] In the sixth step, the third wafer is bonded to 
the first wafer using an adhesive, or the third wafer is 
directly bonded to the first wafer by silicon direct bond- 
ing (SDB), anodic bonding or eutectic bonding. 
[001 0] The third wafer is preferably formed of single 

15 crystalline silicon. In the fifth step, the third wafer is pref- 
erably processed by an anisotropic etching method. 
[0011] In another embodiment, there is provided a 
method of fabricating a MEMS structure which can be 
vacuum-packaged at the wafer level. The method 

20 includes a first step of forming a sacrificial layer having 
a predetermined pattern on a first wafer; a second step 
of. forming a poly silicon layer having a predetermined 
pattern for a signal line on the sacrificial layer; a third 
step of forming an insulation layer on the poly silicon 

25 layer; a fourth step of bonding a second wafer to the 
insulation layer; a fifth step of polishing the first wafer to 
a predetermined thickness; a sixth step of forming a 
MEMS structure comprising a resonant plate and a 
frame supporting the resonant plate in a vacuum area of 

30 the first wafer and a pad outside the vacuum area, the 
MEMS structure and the pad being connected to the 
signal line; a seventh step of forming a structure in a 
third wafer to have space corresponding to the vacuum 
area of the MEMS structure; and an eighth step of 

35 bonding the third wafer to the polished surface of the 
first wafer in a vacuum state. 
[0012] In the eighth step, the third wafer is bonded 
to the first wafer using an adhesive, or the third wafer is 
directly bonded to the first wafer by silicon direct bond- 

40 ing or anodic bonding. 

[0013] The first wafer is preferably formed of single 
crystalline silicon. In the seventh step, the third wafer is 
preferably processed by an anisotropic etching method. 
[0014] The present invention is described in detail 

45 in preferred embodiments thereof illustrated with refer- 
ence to the attached drawings in which: 

FIG. 1 is a schematic cross-sectional view illustrat- 
ing a microgyroscope completed according to the 
so present invention; 

FIG. 2 is a schematic perspective view illustrating a 
microgyroscope completed according to the 
present invention; 

FIG. 3 is a sectional plan view illustrating the inter- 
55 nal resonance structure of a microgyroscope com- 
pleted according to the present invention; 
FIG. 4 is a schematic perspective view illustrating 
the resonance structure of a microgyroscope com- 
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pleted according to the present invention; 
FIGS. 5 through 15 are views illustrating a method 
of fabricating a microgyroscope according to the 
present invention; 

FIG. 16 is a schematic diagram illustrating th con- 
figuration of a vacuum chamber used in a method 
according to the present invention; 
FIG. 17 is a photograph illustrating a microgyro- 
scope according to the present invention, where a 
cap structure is not installed; 
FIG. 18 is a photograph illustrating a microgyro- 
scope according to the present invention, where a 
cap portion is partially cut away; 
FIG. 19 is a photograph illustrating a module 
mounted with a microgyroscope completed accord- 
ing to the present invention; and 
FIG. 20 is a photograph illustrating a circuit board 
on which a microgyroscope completed according to 
the present invention is directly mounted. 

[0015] Hereinafter, embodiments of a method of 
fabricating a micro electromechanical system (MEMS) 
structure according to the present invention will be 
described in detail with reference to the attached draw- 
ings. 

[0016] An example of a method of fabricating a 
microgyroscope having a MEMS structure will be 
described. In particular, a method of forming a vacuum 
structure at the wafer level will be described. 
[0017] The following description concerns the struc- 
ture of a microgyroscope fabricated using a completed 
MEMS structure. FIG. 1 is a schematic cross-sectional 
view illustrating a completed microgyroscope. FIG. 2 is 
a schematic perspective view illustrating a microgyro- 
scope. FIG. 3 is a sectional plan view illustrating the 
internal resonance structure of a microgyroscope. FIG. 
4 is a schematic perspective view illustrating the reso- 
nance structure of a microgyroscope. 
[0018] Referring to FIGS. 1 and 2, a resonance 
structure subjecting to a MEMS structure and pads 6 
electrically connected to the resonance structure are 
formed on a first substrate 1 . A cap 900 is bonded to an 
adhesive layer 110 so that it is positioned above the 
center portion of the MEMS structure, that is, a portion 
requiring a vacuum state. Reference numeral 130 
denotes a structure including resonant plates and 
frames supporting them which will be described later. 
Reference numeral 100 denotes a second substrate 
used when the MEMS structure is formed. A plurality of 
pads 6 are provided on the second substrate 100 that is 
not covered with the cap 900. 

[0019] Referring to FIGS. 3 and 4, an insulation 
layer 2 is formed on a substrate 1, and a resonance 
structure 130 is formed above the insulation layer 2. The 
resonance structure 130 includes first and second 
frames 1 1 and 12 which are supported by anchors 3 to 
be parallel to each other and first and second resonant 
plates 21 and 22 between the first and second frames 



11 and 12. 

[0020] A sensing beam 7 is provided between each 
of the first and. second frames 1 1 and 12 and a corre- 
sponding anchor 3. The sensing beams 7 serve as tor- 
5 sion springs with respect to the motion of the first and 
second frames 1 1 and 12. 

[0021] The first and second resonant plates 21 and 
22 are supported by driving beams 33 for a resonant 
mode. The driving beams 33 serve as springs con- 

w nected to the first and second frames 11 and 12. As 
shown in the drawings, none of the driving beams 33 
are in a straight line, but rather extends in the X and Y 
directions to allow the first and second resonant plates 
21 and 22 to effectively resonate. Such a structure is 

15 optional. Like conventional gyroscopes, the driving 
beam 33 may be extended in the Y direction to be in a 
straight line. In particular, the driving beams 33 are pref- 
erably extended from the four corners of each of the first 
and second resonant plates 21 and 22. 

20 [0022] Sensing electrodes 31 and 32 are formed on 
the insulation layer 2 below the first and second reso- 
nant plates 21 and 22, respectively. The sensing elec- 
trodes 31 and 32 form condensers (or capacitors) 
together with the respective first and second resonant 

25 plates 21 and 22. 

[0023] A matching link 40 is provided between the 
first and second resonant plates 21 and 22. The match- 
ing link 40 is connected to the first and second resonant 
plates 21 and 22 so that the motion of one resonant 

30 plate is linked to the motion of the other resonant plate 
such that the matching link 40 is moved by the motion of 
one resonant plate in a first direction and then moves 
the other resonant plate in a second direction opposite 
to the first direction. 

35 [0024] For example, when the first resonant plate 
21 moves toward the matching link 40, the matching link 
40 moves the second resonant plate 22 toward itself. 
On the other hand, when the first resonant plate 21 
moves away from the matching link 40, the matching 

40 link 40 moves the second resonant plate 22 away from 
itself. 

[0025] The link between the two resonant plates 21 
and 22 allows the resonance frequencies of the reso- 
nant plates 21 and 22 to be the same. In actual tests, 

45 the two resonant plates 21 and 22 had the same reso- 
nance frequency due to the matching link 40. The 
matching link 40 has a seesaw structure, as shown in 
FIGS. 3 and 4, and includes an actuating rod 41 of 
which the center portion 41a is fixed, a first connecting 

so portion 42a extended from one end 42 of the actuating 
rod 41 and connected to the first resonant plate 21 , and 
a second connecting portion 43a extended from the 
other end 43 of the actuating rod 41 and connected to 
the second resonant plate 22. The center portion 41a of 

55 the actuating rod 41 is steadily sustained by first and 
second sub frames 11a and 12a which are extended 
from the centers of the first and second frames 11 and 
12, respectively. 
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[0026] A driving comb electrode 51 for inducing the 
resonance of each of the resonant plates 21 and 22 and 
a driving sensing comb electrode 52 for sensing the res- 
onance of each of the resonant plates 21 and 22 are 
provided between each of the resonant plates 21 and 
22 and the matching link 40. 

[0027] Electrodes 21a, 22a, 51a and 52a alternat- 
ing with each other in a comb-like shape are formed at 
the edges of the driving comb electrode 51 and the driv- 
ing sensing comb electrode 52 and the edges of the first 
and second resonant plates 21 and 22, facing each 
other. The electrodes having a comb-like shape provide 
a resonance force for the first and second resonant 
plates 21 and 22 due to the electrostatic force therebe- 
tween. 

[0028] In FIG. 3, reference numeral 61 denotes sig- 
nal lines connected to the electrodes, and reference 
numeral 6 denotes pads for connecting the signal lines 
61 to the outside. The signal lines and the pads are not 
shown in FIG. 4. 

[0029] The following description concerns the steps 
of a method of fabricating a microgyroscope having 
such a structure. Drawings related to the steps of the 
method schematically illustrate the resulting structures 
of the steps. 

[0030] As shown in FIG. 5, TEOS is deposited on 
an N-type first wafer 100, thereby forming a sacrificial 
layer 200. Then, the sacrificial layer 200 is patterned in 
a predetermined pattern. The first wafer 100 is formed 
of a single silicon having a resistivity of 0.01 O/cm 2 and 
will be used as a structure layer. 
[0031] As shown in FIG. 6, polysilicon is deposited 
on the sacrificial layer 200 by a low pressure chemical 
vapor deposition (LPCVD) method, thereby forming a 
feed through layer 300 in a predetermined pattern. The 
feed through layer 300 corresponds to the signal line 61 . 
[0032] As shown in FIG. 7, a silicon nitride layer 
400, a silicon oxide layer 500 and an epitaxial silicon 
layer 600 are sequentially formed on the feed through 
layer 300. 

[0033] As shown in FIG. 8, the first wafer 1 00 is pol- 
ished to a thickness of about 40 urn. A substrate 1 , as a 
second silicon wafer, is bonded to the epitaxial silicon 
layer 600 by silicon direct bonding (SDB). 
[0034] As shown in FIG. 9, pads 6 are formed of 
Cr/Au so that they are electrically connected to the feed 
through layer 300, that is, the signal line 61 . Thereafter, 
the first wafer 100 is etched by reactive ion etching 
(RIE), thereby forming a resonance structure 130 
described above. 

[0035] As shown in FIG. 1 0, the sacrificial layer 200 
is removed by a wet etching method using HF, thereby 
releasing the resonance structure 130. 
[0036] As shown in FIG. 1 1 , a first mask layer 901 
and a second mask layer 902 are formed on the top and 
the bottom, respectively, of a separately prepared third 
wafer 900. 

[0037] As shown in FIG. 1 2, the first mask layer 901 



corresponding to both outer sides of the resonance 
structure 130 is removed by etching. Thereafter, the 
third wafer 900 exposed without being covered with the 
first mask layer 901 is etched to a predetermined depth. 
5 [0038] As shown in FIG. 13, the second mask layer 
902 corresponding to the resonance structure 130 is 
removed by etching, thereby exposing the bottom of the 
third wafer 900 corresponding to the resonance struc- 
ture 130. 

10 [0039] As shown in FIG. 14, the exposed third wafer 

900 that is not covered with either the first mask layer 

901 or the second mask layer 902 is etched by an ani- 
sotropic etching method. 

[0040] As shown in FIG. 15, the first and second 

15 mask layers 901 and 902 are removed. Thereafter, an 
oxide film 903 is formed on the entire surface of the third 
wafer 900. Next, the bottom of the third wafer 900 is 
coated with a melted glass adhesive 904 such as glass 
frit. Thereafter, the resultant structure is mounted above 

20 the resonance structure 130 formed on the first wafer 
100 and then put into a vacuum chamber in which a 
pressure 3 MPa/cm 2 is maintained, as shown in FIG. 
16. In the vacuum chamber, the adhesive 904 is hard- 
ened at a temperature of 400-600 °C, thereby obtaining 

25 the microgyroscope shown in FIG. 1. Here, the first 
wafer 100 and the third wafer 900 may be bonded to 
each other using the adhesive 904, as described above, 
or they may be bonded by eutectic bonding using gold, 
SDB or anodic bonding. 

30 [0041] In the configuration of a vacuum chamber 
1000 of FIG. 16, a hot plate 1002 on which a product 
1100, as shown in FIG 1, fabricated through the above 
steps is mounted, is provided within the vacuum cham- 
ber 1000 equipped with a vacuum gauge 1003. The hot 

35 plate 1002 is connected to an external heater controller 
1001. A weight 1005 for pressing the product 1100 is 
installed above the product 1100. A purge gas inlet 
1006 for injecting purge gas and an exhauster 1007 
including a turbo pump and a rotary pump are con- 

40 nected to the vacuum chamber 1000. The hot plate 
1002 is heated by heating current from the heater con- 
troller 1001, and the temperature of the hot plate 1002 
is adjusted by the heater controller 1001. 
[0042] FIG. 17 is a photograph illustrating a micro- 

45 gyroscope in which a cap structure formed using the 
third wafer 900 is not installed. FIG. 18 is a photograph 
illustrating a completed microgyroscope, the cap struc- 
ture of which is partially cut away. 
[0043] FIG. 19 is a photograph illustrating a module 

so mounted with a completed microgyroscope. FIG. 20 is a 
photograph illustrating a circuit board on which a com- 
pleted microgyroscope is directly mounted. Since pads 
are provided in a MEMS structure according to the 
present invention, it is not necessary to make a micro- 

55 gyroscope into an individual module, as shown in FIG. 
19, but a microgyroscope can be directly mounted on a 
circuit board, as shown in FIG. 20. 
[0044] The present invention has been described 
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focusing on a method of fabricating a microgyroscope, 
but the present invention can also be applied to fabrica- 
tion of other devices which have a MEMS structure and 
require vacuum packaging. 

[0045] A fabrication method according to the 
present invention includes the steps of forming a multi- 
layered stack including a signal line on a first wafer; 
bonding a second wafer to the multilayered stack; pol- 
ishing the first wafer to a predetermined thickness; form- 
ing a MEMS structure in a vacuum area of the first wafer 
and pads outside the vacuum area, which are con- 
nected to the signal line; forming a structure in a third 
wafer to have space corresponding to the vacuum area 
of the MEMS structure; bonding the third wafer to the 
polished surface of the first wafer in a vacuum state; 
obtaining a MEMS structure having the signal line and 
pads on the first wafer and polishing the first wafer to a 
predetermined thickness; obtaining a structure for vac- 
uum packaging from the second wafer; and bonding the 
second wafer to the polished surface of the first wafer in 
a vacuum state. 

[0046] Here, in the step of forming the MEMS struc- 
ture, a desired MEMS structure can be formed for fabri- 
cating a gyroscope, as described above, or other 
sensors. Such a MEMS structure has a shape similar to 
that shown in FIG. 2. A structure having a particular 
function can be formed in a vacuum area within the 
MEMS structure. 

[0047] According to the present invention, a MEMS 
structure having multiple layers can be fabricated in one 
wafer using semiconductor fabrication processes. 
Unlike a conventional process using polysilicon, single 
crystalline silicon is used in the present invention, 
thereby solving the problem of residual stress caused 
by polysilicon. Conventionally, the thickness of a struc- 
ture formed of polysilicon is restricted to 2-10 jim taking 
into account fabrication processes. However, according 
to the present invention, a thick structure having a thick- 
ness of 10 u.m or more can be fabricated. In addition, a 
structure having a high aspect ratio of 20:1 or higher 
can be fabricated using deep RIE. For protection of the 
structure and maintaining a vacuum level required for 
operation, a fabricated structure is vacuum-packaged at 
the wafer level, thereby improving the yield of fabrica- 
tion. Since a special vacuum packaging process is not 
necessary, the fabrication can be simplified. 
[0048] According to the present invention using sin- 
gle crystalline silicon for a structure layer, a sensor or an 
actuator can be prevented from being unstable due to 
residual stress. Since an appropriately thick structure 
can be formed, a heavy resonance structure having a 
large Q-factor can be realized. In addition, unlike a SOI 
process, a complex structure having multiple layers can 
be easily formed. Moreover, since a feed through layer, 
that is, a signal line is formed under the structure, wafer 
level vacuum packaging is allowed. In particular, since a 
hole for interconnection is not formed, leakage of air 
due to the hole can be prevented. As described above, 



since wafer level vacuum packaging is allowed, a con- 
ventional semiconductor packaging technique can be 
used as it is, thereby removing a special vacuum pack- 
aging process. Moreover, since a MEMS structure 
5 according to the present invention is provided with pads 
therein, modulization where a chip is installed into a 
case is not necessary, and the MEMS structure can be 
directly mounted on a circuit board. 



1 . A method of fabricating a micro electro mechanical 
system (MEMS) structure which can be vacuum- 
packaged at the wafer level, the method compris- 
es ing: 

a first step of forming a multilayered stack 
including a signal line on a first wafer; 
a second step of bonding a second wafer to the 
20 multilayered stack; 

a third step of polishing the first wafer to a pre- 
determined thickness; 

a fourth step of forming a MEMS structure in a 
vacuum area of the first wafer and a pad out- 
25 side the vacuum area, the MEMS structure and 

the pad being connected to the signal line; 
a fifth step of forming a structure in a third wafer 
to have space corresponding to the vacuum 
area of the MEMS structure; and 
30 a sixth step of bonding the third wafer to the 

polished surface of the first wafer in a vacuum 
state. 

2. The method according to claim 1, wherein the 
35 fourth step comprises a step of forming a signal line 

layer for connecting the inner area to the pad while 
the MEMS structure is being stacked. 

3. The method according to claim 1 or 2, wherein the 
40 sixth step, the third wafer is bonded to the first wafer 

using an adhesive. 

4. The method according to claim 1 or 2, wherein in 
the sixth step, the third wafer is directly bonded to 

45 the first wafer by silicon direct bonding or anodic 
bonding. 

5. The method according to claim 1 or 2, wherein in 
the sixth step, the third wafer is bonded to the first 

so wafer by eutectic bonding. 

6. The method according to any of claims 1 to 5, 
wherein the third wafer is formed of single crystal- 
line silicon. 

55 

7. The method according to any of claims 1 to 6, 
wherein in the fifth step, the third wafer is processed 
by an anisotropic etching method. 
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8. A method of fabricating a micro electro mechanical 
system (MEMS) structure which can be vacuum- 
packaged at the wafer lev I, th method compris- 
ing: 

5 

a first step of forming a sacrificial layer having a 
predetermined pattern on a first wafer; 
a second step of forming a poly silicon layer 
having a predetermined pattern for a signal line 
on the sacrificial layer; 10 
a third step of forming an insulation layer on the 
poly silicon layer; 

a fourth step of bonding a second wafer to the 
insulation layer; 

a fifth step of polishing the first wafer to a pre- 15 
determined thickness; 

a sixth step of forming a MEMS structure com- 
prising a resonant plate and a frame supporting 
the resonant plate in a vacuum area of the first 
wafer and a pad outside the vacuum area, the 20 
MEMS structure and the pad being connected 
to the signal line; 

a seventh step of forming a structure in a third 
wafer to have space corresponding to the vac- 
uum area of the MEMS structure; and 25 
an eighth step of bonding the third wafer to the 
polished surface of the first wafer in a vacuum 
state. 

9. The method according to claim 8, wherein in the 30 
eighth step, the third wafer is bonded to the first 
wafer using an adhesive or eutectic bonding. 

10. The method according to claim 8, wherein in the 
eighth step, the third wafer is directly bonded to the 35 
first wafer by silicon direct bonding or anodic bond- 
ing. 

1 1 . The method according to any one of claims 8 to 1 0, 
wherein the first wafer is formed of single crystalline 40 
silicon. 

12. The method according to any of claims 8 to 11, 
wherein in the seventh step, the third wafer is proc- 
essed by an anisotropic etching method. 45 
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FIG. 16 
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